INTRODUCTION
Nitric oxide was first observed in the earth's upper atmosphere by measuring resonantly scattered sunlight in the • bands [Barth, 1974] . This technique has provided a wealth of observational data relating to the altitude distribution of NO [Meira, 1970; Tisone, 1973 Models that include the known chemistry and solve the one-dimensional continuity equations have been successful in reproducing the general features of the measured nitric oxide vertical density profiles in the thermosphere and mesosphere. However, these models cannot account for the variation of the NO profile with latitude as derived from satellite data. In a critical comparison of a one-dimensional model to observations from the Atmosphere Explorer satellite, Cravens et al. [1979] concluded that only under extremely quiet geomagnetic conditions (Ap -< 6) were the results of a one-dimensional model comparable to the measured nitric oxide latitude gradients in the low and midlatitude E region. They speculated that horizontal transport was important and that a high-latitude source of NO must exist and be related to the geomagnetic activity. The fact that particle ionization of the earth's atmosphere could result in enhanced NO densities was demonstrated experimentally by measurements of enhanced NO+/O2 + ratios [Donahue et al., 1970; Narcisi and $wider, 1976 ] and large NO densities [Rusch and Barth, 1975; Sharp, 1978; Witt et al., 1981] indicated that large localized enhancements of NO over ambient densities were possible under or after particle bombardment. Consequently, there is a wealth of observations indicating the influence of particle ionization and, possibly, meridional winds on the global nitric oxide distribution.
The characteristics of the zonal mean thermospheric circulation have been studied by Dickinson et al. [1975 Dickinson et al. [ , 1981 for equinox and by Dickinson et al. [1977 Dickinson et al. [ , 1981 for solstice conditions. The seasonal variations and the solar cycle effects were described by Roble et al. [1977] . These studies have shown that during the solstice period a summer-towinter mean meridional wind exists, but the circulation reverses in the winter F region if significant Joule heating is present at high latitudes. The conclusions of these models have been largely confirmed by the measurements of meridi- produced in the thermosphere and by auroral processes can be transported downward to the stratosphere, particularly at high latitudes during polar winter. This process provides a coupling between the upper and lower atmosphere that may play a significant role in the photochemistry of odd nitrogen and odd oxygen in the stratosphere. A recent paper by Frederick et al. [1983] also points out that thermospheric NO has an influence on the mesospheric and stratospheric NO solar photodissociation rates in the •0, 0) and •1, 0) bands, and this radiative interaction may be an important coupling mechanism between the thermosphere and middle atmosphere.
Equatorward transport of NO by winds and diffusion from the polar to the mid-latitude winter regions is believed to be partly responsible for the D region winter anomaly [e.g., $echrist, 1967; Solomon et al., 1982b] . Enhancements of the D region electron densities occasionally observed during winter have been attributed to the presence of large amounts of nitric oxide in the mesosphere. Although there is observational evidence in favor of strong horizontal and vertical winds in the auroral thermosphere during magnetically disturbed periods, it is not clear whether the speed and the direction of the meridional component are adequate to carry NO to mid-latitude regions. To investigate these problems, we developed a model to quantitatively describe the global effect of horizontal and vertical transport on odd nitrogen densities in the earth's thermosphere and mesosphere. In an initial treatment, Robie and Gary [1979] showed that the effect of horizontal transport due to winds on aurorally produced nitric oxide could be locally important. G•rard et al. [1980] gave a description of an early version of the code described here and showed preliminary calculations of the two-dimensional distributions of NO, N(4S), and N(2D) for the case of equinox and no thermospheric winds. presented initial results that gave the minor neutral constituent distributions, including transport by winds, during the solstice period, as specified by the chemical-dynamical model of Kasting and Robie [ 1981 ] .
In this paper a two-dimensional model of odd nitrogen in the thermosphere and upper mesosphere is described. The . This increase in heating in the summer hemisphere was attributed to the larger electrical conductivity. The ionization and heating caused by particle precipitation was equally divided between the summer and winter hemispheres. The parameterization of the auroral particle heating rate was discussed by R-K. The combined total ionization resulting from solar EUV and auroral particles is shown in Figure 5 and is derived from the particle heating distribution of R-K by using expression (6). The maximum auroral ionization rate is 3.5 x 10 3 ions cm-3s -1 at 110 km at the center of the auroral zone, corresponding to a The fair agreement between models and observations for very quiet conditions on one hand and quiet or moderately disturbed conditions on the other hand clearly indicates the need for high-latitude heat and ionization sources during even fairly quiet magnetic conditions. The thermospheric NO maximum in the auroral zones is caused by the enhanced production of odd nitrogen in the regions subject to particle precipitation, as was previously established by various studies. This model demonstrates that the dynamical effects that control the background composition and the temperature also affect the NO distribution equatorward and poleward of the auroral zone. Figure 9 illustrates the comparison between three nitric oxide density profiles measured with rockets at the solstice period and at different latitudes. They were selected to represent typical distributions in solar minimum conditions and exhibit fairly characteristic differences in the shape of their distributions below 110km. They were obtained during fairly magnetically quiet conditions. The summer profile measured by Tohmatsu and Iwagami [1975] For solar minimum during quiet geomagnetic conditions this decoupling is probably valid. However, for solar maximum, and during geomagnetic storms, NO 5.3-tam cooling may be an important radiative loss for the thermosphere [Kockarts, 1980] , requiring that the global dynamics and the major and also emphasizes the role of radiational cooling in determining the structure of the lower thermosphere. Therefore, to improve our understanding of the lower thermosphere, it is necessary to couple the dynamic, chemical, and radiational processes in a self-consistent manner such as in a merging of the dynamic model of R-K with the NO model presented in this paper.
